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U.S. UTILITY PATENT APPLICATION 
OXIDOREDUCTASE INHIBITORS AND METHODS OF SCREENING AND USING 

THEREOF 
Cross-Reference to Related Application 
5 [0001] This application claims priority to U.S. Provisional Patent Application No. 

60/463,629 filed April 16, 2003, which is incorporated herein in its entirety by reference, 
including drawings. 

Field of the Invention 
[0002] The present invention relates to aldose reductase as a member of 

10 oxidoreductase. In particular, the present invention is directed to designing and screening 
compounds that are analogs to glutathione conjugates or otherwise which bind to a 
specific binding site of aldose reductase, identifying a new set of aldose reductase, 
inhibitor or enhancers (modulators), and using the aldose inhibitors or enhancers in the 
treatment of diseases such as Atherosclerosis, cancer, cardiovascular diseases, obesity, 

15 stroke and diabetes. 

Background of the Invention 
[0003] The oxidoreductase comprise a family of M r ~36,000 proteins that catalyze 

the reduction of a wide variety of substrates including aliphatic and polycyclic aldehydes, 
aldoses, lipid-derived aldehydes, and xenobiotics. Aldose reductase (AR) is a member of 
20 the oxidoreductase family. AR catalyzes the NADPH-dependent reduction of glucose to 
sorbitol, the first step of the sorbitol pathway. The pathway is completed by sorbitol 
dehydrogenase, which catalyzes the NAD + - dependent oxidation of sorbitol to fructose. 
A large body of evidence, derived principally from experimental animal studies, supports 
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the hypothesis that enhanced metabolism of glucose through the AR-catalyzed polyol 
pathway results in biochemical imbalances associated with diabetic complications (1,2, 
56, 95). Due to its involvement in the pathogenesis of diabetic complications, AR and its 
inhibitors are well studied in the polyol pathway. Complex crystal structures of AR are 
5 available for sorbitol, fidarestat, zopolrestat, tolrestat, sorbinil, citrate, cacodylate, 

glucose 6-phosphate, oxazolecarbamate, WF-3681 and EDD384 in more than one crystal 
form in the protein data bank (3-12). 

[0004] The demonstration that AR catalyzes the reduction of lipid aldehydes and 

their conjugates with glutathione, and that the activity of AR is enhanced by growth 

10 factors, as observed in vascular smooth muscle cells, raises the possibility that AR may 
be involved in cellular functions in addition to glucose metabolism (15). Studies have 
shown that AR is broad specificity aldehyde reductase and that unsaturated aldehydes, 
such as those derived from lipid peroxidation are excellent substrates of this enzyme (13- 
19) and indicated that AR is part of the cellular defenses against aldehyde toxicity. For 

15 example, AR has been shown to detoxify daunorubicin (29). Studies also have shown 
that AR is upregulated in giant cell arteritis, an inflammatory vasculopathy sickness that 
affects medium-sized arteries, indicating that AR has a role in inflammation (30). 
[0005] It has been reported that AR efficiently catalyzes the reduction of medium 

and long chain saturated aldehydes, with K m values considerably lower than that for short 

20 chain aldehydes (18). AR is reported to be involved in the reduction of unsaturated 
aldehydes such as 4-hydroxy-rra«5-2-nonenal (HNE) as well as their glutathione 
conjugates (15, 42, 44). Interestingly, in the case of short chain aldehydes, such as 
acrolein, conjugation with glutathione led to a 100-fold increase in the catalytic 
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efficiency of the enzyme. This increase in efficiency by glutathiolation is evident for 
aldehydes of diverse chemical structure, although the extent of catalytic enhancement 
was dependent upon the chain length of the aldehyde. It has been demonstrated by 
structure function studies an important role of AR in the metabolism of glutathione 
5 conjugates of endogenous and xenobiotic aldehydes(16). In addition, studies have shown 
that alterations of the functionality and structure of glutathione resulted in diminished 
catalytic efficiency in the reduction of the acrolein adduct indicating the substrate 
specificity of AR (16). 

[0006] Recent studies also shows that AR plays a role in carcinogenesis. Tumor- 

10 associated protein variant (35 kDa/pI 7.4) was identified in rat hepatocarcinogenesis (26). 
This protein is expressed in the liver during embryogenesis, but absent in adult rat liver. 
However, it is re-expressed and functionally active during liver carcinogenesis (27). This 
protein has been shown to share 98.5% amino acid sequence identity with rat lens AR 
indicating hepatoma-derived AR like protein and rat lens AR are related proteins encoded 
1 5 by different genes (26). It has been shown that the hepatoma-derived, AR-like protein is 
already expressed in the preneoplastic stage of hepatocarcinogenesis and might 
potentially serve as a marker enzyme in early neoplasia. About 29% of human liver 
cancers overexpress AR and about 54% of them overexpress an AR-like protein whose 
amino acid sequence is 70% identical to that of AR (28). It is well known that liver 
20 cancer hepatocellular carcinoma (HCC) is resistant to a number of anticancer drugs 

reducing its efficacy. Interestingly, overexpression of AR makes the cells more resistant 
to cancer chemotherapeutic drugs (68). Expression of novel AR-related protein in all five 



54435-8003.US01/LA041060.081 



Express Mail No. EL994147789US Attorney Docket No. 54435.8003 .US01 

tested cancer cell lines suggests that AR may play an important role in liver 
carcinogenesis (69, 70). 

[0007] While glutathione conjugates are efficient substrates for AR (42), the 

conjugates and glutathione play a key role in the determining the sensitivity of cancer 
5 cells to radiation and drug-induced cytoxicity (81, 82, 74). Glutathione level and its 
redox status are studied in (a) the presence of alkylating agent melphalan (L-PAM) in a 
series of DU-145 prostate carcinoma cell lines (107), (b) cisplatin-resistant ovarian 
carcinoma cell lines (108), (c) bronchial carcinoma cell line A-427 (109), (d) malignant 
breast tissues and blood, (e) colon cancers and (f) Ehrlich ascites tumor-bearing mice. 

10 Elevation of intracellular glutathione levels is associated with mitogenic stimulation (83), 
regulation of DNA synthesis (84), control of tumor-cell proliferation by regulating 
protein kinase C activity (95, 1 19) and intracellular pH (85). The onset of severe tumor- 
related weight loss (cachexia) in the host is accompanied by a decrease in the rate of 
cancer cell proliferation and a decrease in glutathione in the tumor (85, 86). It has been 

15 shown that mitochondrial glutathione (mGSH) controls the fate of hepatocytes in 
response to TNFot. Its depletion amplifies the power of TNFa to generate reactive 
oxygen species, compromising mitochondrial and cellular functions that culminate in cell 
death (87). 

[0008] Reactive oxygen species (ROS) and oxygen-derived free radicals are the 

20 major source of DNA damage (49, 50). Although most of the damage is repaired, 

cumulative DNA injury due to ROS may be responsible for spontaneous carcinogenesis. 
ROS are regarded as having carcinogenic potential and have been associated with tumor 
promotion. Any disturbance of the balance between ROS and endogenous antioxidants in 
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favor of ROS causes an increase in oxidative stress and initiates subcellular changes 
leading to cancer. Oxidative stress plays a detrimental role in a number of pathological 
conditions, including cancer (22, 23). Resistance of many cells against oxidative stress is 
associated with high intracellular levels of glutathione (72-74). Also exposure to several 
5 physical and chemical agents can enhance the generation of ROS and can deplete the 
antioxidant defense. Anticancer drug, baicalein, enhances cytotoxicity. This increase in 
apoptotic cells may be associated with the depletion of glutathione in Hep G2 cells (80). 
[0009] One of the aldehydes for the glutathione conjugates is base propenal 

which plays a key role in DNA damage. DNA strand breaks are caused, directly or 

1 0 indirectly, by a variety of DNA-damaging agents, including ionizing irradiation and 
oxidative metabolism (51-54). These breaks can have serious consequences, including 
chromosomal aberrations, increased genetic instability, carcinogenesis and cytotoxicity 
(55). Bleomycin has demonstrated clinical utility against a variety of neoplasms 
(treatment of head and neck cancer, Hodgkin's disease and testicular cancer) (57). 

15 Bleomycin-induced DNA damage generates base propenal. Base propenal is also 

generated by antitumor agents including neocarzinostatin and calicheamicin (58), human 
fibroblasts (59), oxidants such as chromium and peroxynitrite (60, 61) and ionizing 
radiation (62). These aldehydes undergo Michael addition with cellular nuleophiles such 
as glutathione and form glutathione conjugates which have been suggested to be 

20 responsible for the cytotoxicity of bleomycin and related antibiotics. Significantly, base 
propenals form pyrimidopurinone (MiG) adducts with DNA, which as a class represent 
one of the most abundant background DNA lesions. High levels of MiG adducts have 
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been found in healthy animals and humans and these adducts have been suggested to be 
responsible for spontaneous carcinogenesis (21). 

[0010] Overall, AR and its non-sugar related substrates such as glutathione 

conjugates play key roles in cellular functions other than glucose metabolism. Therefore, 
5 it appears desirable to understand the interaction between AR and substrates including 
glutathione, aldehyde, and glutathione conjugates which are not sugar family members, to 
design and screen compounds that may efficiently inhibit or enhance AR f s function in 
catalyzing the reduction of its substrates, and to use the compounds to treat conditions 
associated with AR or its substrates, for example, drug-resistant tumor cells. 

10 Summary of the Invention 

[001 1] The present invention relates to 1) findings in molecular modeling 

revealing that glutathione conjugate (Fig. 19), a substrate to aldose reductase (AR), can 
bind to aldose reductase in two distinct orientations (Fig. 1), 2) findings that glutathione 
conjugate is efficiently reduced by AR (Fig. 17), and findings that fibrates (e.g., 

15 bezafibrate) are AR inhibitors (Figs. 25 & 26). In orientation 1, 7-Glul of the conjugate 
interacts with Trp20, Lys21 and Val47 of aldose reductase (AR), and Gly3 of the 
conjugate interacts with Ser302 and Leu301 of AR. In orientation 2, the molecule is 
inverted with 7-Glul of the conjugate interacting with Ser302 and Leu301 of AR. 
[0012] One aspect of the present invention is directed to the design and synthesis 

20 of a set of analogs to glutathione conjugate. The analogs are modifications to glutathione 
conjugate which include substitution and functional group interchange on the glutathione 
moiety of the glutathione conjugate (Fig. 20), substitutions on the aldehyde moiety of the 
glutathione conjugate (Fig. 21), variations in the methylene (CH 2 ) spacer length of the 
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aldehyde moiety (Fig. 20), spacer length variations on the main chain of the glutathione 
moiety (Fig. 22), and chirality modifications (Fig. 23). 

[0013] Another aspect of the present invention is directed to the screening and 

testing of the synthesized analogs to glutathione conjugate by measuring their effect on 
the activity of AR and identify compounds that are either an AR-inhibitor (AR 
antagonist) or an AR enhancer (AR agonist). 

[0014] Another aspect of the present invention is directed to inhibiting AR 

activity using fibrates. Fibrates include clofibric acid, ciprofibrate, gemfibrizil, 
bezafibrate, fenofibrate and their analogs. 

[0015] Another aspect of the present invention is directed to the use of AR- 

inhibitors or enhancer identified in the treatment of diseases including cancer or the 
treatment of neoplasm or neoplastic cells. In a preferred embodiment of the present 
invention, the treatment comprises a step of administering a subject with a disease or a 
neoplasm a fibrate and a commonly known chemotherapeutics. 

Brief Description of the Drawings 
[0016] Fig. 1 shows glutathione propenal in two binding pockets of AR (see also 

reference 20). 

[0017] Fig. 2 shows purification of base propenals from DNA. 

[0018] Fig. 3 shows identification of base propenals from DNA. 

[0019] Fig. 4 shows formation of the Michael adduct between adenine propenal 

and reduced glutathione. 

[0020] Fig. 5 shows ESf /MS of recombinant human AR. 
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[0021] Fig. 6 shows formation of base propenal and glutathionyl base propanol by 

AR. 

[0022] Fig. 7 shows cellular metabolism of base propenal. 

[0023] Fig. 8 shows electrospray mass spectrum of the metabolites of adenine 

5 propenal generated in (A) isolated cardiac myocytes and (B) COS-7 cells. 

[0024] Fig. 9 shows inhibition of AR prevents reduction of the glutathione 

conjugate of adenine propenal. 

[0025] Fig. 10 shows transient transfection of COS-7 cells with AR cDNA. 

[0026] Fig. 1 1 shows upregulation of AR enhances reduction of adenine propenal. 

10 [0027] Fig. 12 shows subcellular localization of AR. 

[0028] Fig. 13 shows inhibition of AR exacerbates the cytotoxicity of base 

propenals. 

[0029] Fig. 14 shows expression of AR in different cell lines. 

[0030] Fig. 15 shows analogs with substitutions and modifications of the 

1 5 glutathione moiety. 

[0031] Fig. 16 shows analogs with substitutions and modifications of the 

aldehyde moiety. Other substitutions for Rl and R2 are Adenine, Guanine, Cytosine, 
Uracil and Thymine. 

[0032] Fig. 17 shows formation of glutathione base propenal conjugate (Step 1) 

20 and the catalysis by AR (Step 2). 

[0033] Fig. 18 shows synthesis of glutathione aldehyde conjugates 16-20 set forth 

in Example 18. 

[0034] Fig. 19 shows glutathione conjugate. 
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[0035] Fig. 20 shows analogs of glutathione acrolein conjugate, wherein Rl is 

COOH, CONH 2 , CH 2 OH, COC1, COBr, CH 3 , CH 2 F, CF 3 , H, F, CI, Br, I, OH, Phosphate, 
Phosphothioate, SH, S0 2 H, S0 3 H, NH 2 , CN, N0 2 , or SRi where Rj is alkyl/aryl; R2 is 
NH 2 , OH, F, Br, CI, I, SH, Alkyl, Aryl, CN, N0 2 , NHR 2 where R 2 is alkyl/aryl, or NR 3 
5 where R 3 is alkyl lalkyl 2 /aryllaryl 2 ; X-R3 is NH, NR4 where R4 is alkyl/aryl, S, O, Se, • 
(CH 2 )n; Y is CH 2 , O, S, SH, OH, NR 5 where R 5 is H/alkyl/aryl; Z-R4 is O, S, Se, NR<$ 
where R6 is H/alkyl/aryl, (CH 2 )n; R5 is Alkyl, Aryl, N0 2 , CN, F, CI, Br, I, Phosphate, 
Phosphothioate, COOH, CH 2 OH, CONR 7 where R 7 is H/alkyl/aryl; W is O, S, NRs where 
R 8 is H/alkyl/aryl, CH 2 , CHOH; V is S, O, CH 2 , Se, S0 3 H, CH 2 -C 6 H 4 N0 2 ; and n is an 
1 0 integer including zero . 

[0036] Fig. 21 shows analogs of aldehyde substitution, wherein Rl is Ph, 2-furyl, 

4-pyridyl, C5H1 i-C*H-(OH), F, CI, Br, or I and R2 is Ph, 2-furyl, 4-pyridyl, F, CI, Br, or 
I. The aldehyde in the conjugate can also be substituted by the isomers of 4-hydroxy- 
trans-2-nonenal (HNE), acrolein and a, p -unsaturated aldehydes, propanal, butanal, 
15 pentanal, hexanal, heptanal, ocatanal, nonanal, decanal, acrolein, crotonaldehyde, trans- 
2-pentenal, Jran,s-2-hexenal, frara-2-heptenal, frans-2-octenal, tows-2-nonenal, 4- 
hydroxy fraws-2-pentenal, 4-hydroxy fra«s-2-hexenal, 4-hydroxy fra/w-2-octenal, 4- 
hydroxy Zraws-2-nonenal, 4-hydroxy /raw.s-2-decanal, fran.s,fra/ts-2,4-hexadienal, 
fra«Vra«s-2,4-heptadienal, trans, /ra«s-2,4-nonadienal, trans,trans-2,4-decadienal, trans- 
it 4-decenal, czs-4-decenal, trans-2, c/s-6-decadienal, adenine propenal, cytosine propenal, 
guanine propenal, thymine propenal, uridine propenal, uracil, 2-methyl acrolein, 2-ethyl 
acrolein, 2-butyl acrolein, phenyl acrolein, methyl phenyl acrolein, core aldehyde 1- 
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palmitoyl-2-(5-oxovaleroyl) phosphocholine, cinnamic acid and it redivatives, 
naphthalene derivatives, quinone and its derivatives. 

[0037] Fig. 22 shows extended analog based on glutathione. * are chiral atoms, 

*' are atoms not chiral in glutathione but can be made chiral in the analogs and ii*are 
5 not chiral in glutathione which can be made chiral if need arises. A, B. D, E, G, J, L, M 
are (CH 2 ) or (CHX) or any other groups. The rest are the same as defined in Fig. 20. 
[0038] Fig. 23 shows chiral atoms are shown with * whereas *' are atoms not 

chiral in glutathione but can be made chiral. 

[0039] Fig. 24 shows the chemical structure of Bezafibrate and clofibric acid. 

10 [0040] Fig. 25 shows the reciprocals of reaction rate and substrate concentration 

in the absence and in the presence of bezafibrate (0.1 to 100 ^M) displayed a partial 
noncompetitive inhibition pattern with respect to reduction of glyceraldehyde by the 
recombinant AR in the forward direction. 

[0041] Fig. 26 shows the measurement of IC50 (the concentration of inhibitors 

15 which reduce the enzyme activity by 50%), obtained from a graph of % inhibition of AR 

activity versus the concentration of inhibitor under saturating substrate condition (10 mM 

DL-glycealdehyde). The IC50 value of the inhibitor was determined to be 3.8 ^M. 

[0042] Fig. 27 shows the chemical structure of ethyl l-benzyl-3-hydroxy-2(5H)- 

oxopyrrole-4-carboxylate (EBPC) and A^-(6-chloropyridin-3-ylmethyl)-2- 
20 nitroiminoimidazolidine (imidacloprid). 

[0043] Fig. 28 shows the measurement of IC 50 of Doxorubinin. The IC50 value 

was determined to be 0.2 )iM. 
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[0044] Fig. 29 shows the measurement of IC50 of Daunorunicin. The IC50 Value 

was determined to be 5 \xM. 

[0045] Fig. 30 shows the measurement of IC50 of Idamycin. The IC50 Value 

was determined to be 5.6 |iM. 
5 [0046] Fig. 31 shows the measurement of IC50 of Epirubicin. The IC50 Value 

was determined to be 5.5 ^iM. 

[0047] Fig. 32 shows the chemical structure of a-cyano-4-hydroxycinnamic acid. 

[0048] Fig. 33 shows the Michaelis-Menten kinetic analysis of ot-cyano-4- 

hydroxycinnamic acid on the AR enzymatic activity. The Ki value was determined to be 
10 0.085 nM. 

[0049] Fig. 34 shows the measurement of IC50 of a-cyano-4-hydroxycinnamic 

acid. The IC50 value was determined to be 0.08 \xM. 

Detailed Description of the Invention 
[0050] The present invention relates to the findings that aldehyde-glutathione 

15 conjugates are reduced efficiently by aldose reductase (AR) with a catalytic efficiency 
1000 fold higher than aldehyde as a sole substrate to (AR) (42). 
[0051] The present invention relates to the molecular modeling and kinetic 

studies revealing that the glutathione-aldehyde conjugate can bind to two binding 
orientation in the pocket of AR. In the first binding orientation amino acids residues Tip 

20 20, Lys 21, Val47, Ser302 and Leu 301 of AR (SEQ ID NO:l) whereas y-Glul of 

glutathione interacts with a amino acids residues Trp 20, Lys 21 and Val47 and Gly3 of 
glutathione with Ser302 and Leu301 of the three dimensional structure of AR (SEQ ID 
NO: 1) as shown in Figure 1 (A). The second binding orientation of AR is defined by the 
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interaction with the amino acid residues of Ser302 and Leu301 wherein y-Glul of 
glutathione interacts with Ser302 and Leu301 of the three-dimensional structure of AR 
(SEQ ID NO: 1) as shown in Figure 1 (B). It is proposed that the binding conformation of 
the glutathione conjugates is distinctly different from all the known substrates and 
5 inhibitors of AR that are members of sugar metabolism. 

[0052] The primary aspect of the present invention is directed to rationally design 

a set of virtual molecules or analogs to glutathione conjugate that interact with AR as AR 
ligand which include AR agonist (AR enhancer) that enhance or activate the activity of 
AR and AR antagonist (AR inhibitor) that inhibit or repress the activity of AR. Methods 

10 like QSAR analysis is employed to carry out structure based drug design for AR. The 
analogs of glutathione conjugates include (1) substitution and functional group 
interchange on the glutathione moiety (Fig. 20), (2) substitutions on the aldehyde moiety 
(Fig. 21), (3) variation in the methylene (CH 2 ) spacer length of the aldehyde moiety (Fig. 
20) and (4) spacer length variation on the main chain of the glutathione moiety including 

15 different functional groups (Fig.24) and (5) chirality modifications (Fig. 23). Additionally 
analogs will be extended to compounds based on the general skeleton shown in Fig. 22 
employing different atom types and unsaturation. 

[0053] Another aspect of the present invention is directed to chemically 

synthesize a set of analogs to glutathione conjugates. The analogs of glutathione 
20 conjugates include (1) substitution and functional group interchange on the glutathione 
moiety (Fig. 20), (2) substitutions on the aldehyde moiety (Fig. 21), (3) variation in the 
methylene (CH 2 ) spacer length of the aldehyde moiety (Fig. 20) and (4) spacer length 
variation on the main chain of the glutathione moiety including different functional 
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groups (Fig. 22) and (5) chirality modifications (Fig. 23). Additionally analogs will be 
extended to compounds based on the general skeleton shown in Fig. 22 employing 
different atom types and unsaturation. 

[0054] In a preferred embodiment of the present invention, the analogs include 

5 glutathione aldehyde conjugates (Fig. 15, compound 1) for systematic structure-activity 
studies. Analogs to 1 will include (1) substitution and functional group interchange on the 
glutathione moiety (Fig. 15, compounds 2-9), (2) substitutions on the aldehyde moiety 
(Fig. 16, compounds 10-15), (3) variation in the methylene spacer length of the aldehyde 
moiety (Scheme 2, compounds 16-20) and (4) chirality modifications. 

1 0 [0055] The aldehyde moiety of the conjugate can be substituted by isomers of 4- 

hydroxy-fra^-2-nonenal (HNE), acrolein and oc,P-unsaturated aldehydes, propanal, 
butanal, pentanal, hexanal, heptanal, ocatanal, nonanal, decanal, acrolein, 
crotonaldehyde, /ra>w-2-pentenal, rrajw-2-hexenal, fratts-2-heptenal, fraws-2-octenal, 
/rafls-2-nonenal, 4-hydroxy frara-2-pentenal, 4-hydroxy frans-2-hexenal, 4-hydroxy 

1 5 fra«s-2-octenal, 4-hydroxy /rawj-2-nonenal, 4-hydroxy fra/zs-2-decanal, trans, trans-2,4- 
hexadienal, /ra«s,/raws-2,4-heptadienal, frafls,fra«s-2,4-nonadienal, trans,trans-2,4- 
decadienal, /ra«5-4-decenal, c/s-4-decenal, trans-2, cw-6-decadienal, adenine propenal, 
cytosine propenal, guanine propenal, thymine propenal, uridine propenal, uracil, 2-methyl 
acrolein, 2-ethyl acrolein, 2-butyl acrolein, phenyl acrolein, methyl phenyl acrolein, core 

20 aldehyde l-palmitoyl-2-(5-oxovaleroyl) phosphocholine, naphthalene derivatives, 
quinone and its derivatives. 

[0056] Another aspect of the present invention is directed to the screening and 

testing of the compounds or the analogs of glutathione conjugate to determine the cellular 
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and biological activity of the compound in relation to AR. In particular, the compounds 
are tested as to whether they interact with AR (AR ligands), inhibit (AR-inhibitors or AR 
antagonists) or enhance (AR-enhancer or AR agonists) the activity of AR. AR-inhibitors 
are compounds that either compete with substrates in binding to AR or reduce the 
5 efficiency of AR in catalyzing glutathione conjugates. AR-enhancers are compounds that 
in the presence of the enhancer glutathione conjugates/substrates are more efficiently 
catalyzed by AR. 

[0057] Another aspect of the present invention is directed to use compounds that 

are identified as AR ligand in the treatment of conditions where AR is involved or 
10 conditions in need of modulating the activity of AR. The conditions are various 

complications of diseases including cardiovascular disease, diabetes, artheriosclerosis, 
cancer, cataract, obesity, retinopathy, keratopathy, nephropathy, neurosis, thrombosis, 
faulty union of corneal injury and neuropathy. 

[0058] A preferred aspect of the present invention is directed to the role of AR 

1 5 activity and AR-ligand in cancer. It is known that AR activity is increased in cancer cells 
(68) and glutathione depletion is an important factor in cell death (87). Oxidoreductase 
plays an important role in cellular metabolism of aldehydes derived from DNA damage 
caused by, for example, Bleomycin. Glutathione depletion causes cell growth inhibition 
and enhanced apoptosis in pancreatic cancer cells. In addition, glutathione conjugation 
20 has been proposed as an activation mechanism to account for the nephrotoxicity (101). 
Glutathione conjugation with base propenals will be one of the major pathways to 
consume glutathione and DNA damage will have significant impact on tumor biology. 
Therefore, the AR-ligands may provide alternative treatment for cancer. In particular, 
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AR-ligands, e.g., AR enhancers or AR agonists, may cause tumor cells to be more 
responsive to anti-cancer drug such as Bleomycin or cause tumor cells to be less resistant 
to anti-cancer drug. Conversely, AR-ligands, e.g., AR inhibitors or AR antagonists, may 
be developed and identified to minimize the toxicity and side effect to normal cells due to 
5 base propenals. 

[0059] The compounds which are AR ligands, e.g.,AR-inhibitors or AR- 

enhancers, can be administered to a subject in need of modulating AR activity through an 
administration method or route known to the art. The administration method includes an 
intravenous administration, an intraperitoneal administration, a subcutaneous 

10 administration, an intramuscular administration, an oral administration, a nasal 
administration, a topical administration, local administration, a transdermal 
administration, a transmucosal administration, or a pulmonary inhalation. 
[0060] In one embodiment of the present invention, AR activities are inhibited by 

fibrates. Fibrates are commonly known to be compounds that decrease serum 

15 triglyceride and increase HDL. Fibrates are currently used to improve postprandial 
triglyceride clearance and reduce the circulating concentration of small, dense LDL. 
According to methods in the present invention, it is unexpectedly discovered that fibrates 
are inhibitors of AR. Fibrates include, but are not limited to, ciprofibrate, clofibric acid, 
gemfibrizil, bezafibrate, and fenofibrate. 

20 [0061] Another aspect of the invention is directed to a method of treating 

neoplasm or neoplastic cells using AR inhibitors. The term neoplasm or neoplastic cells 
refer to cells that grow in an abnormal way or tissues composed of cells thereof. Normal 
tissue is growth-limited, i.e., cell reproduction is equal to cell death. Feedback controls 
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limit cell division after a certain number of cells have developed, allowing for tissue 
repair but not expansion. Neoplastic cells are less responsive to these restraints and can 
proliferate to the point where they disrupt tissue architecture, distort the flow of nutrients, 
and otherwise do damage. Neoplasm may be benign or malignant tumors. Benign tumors 
5 remain localized as a discrete mass. They may differ appreciably from normal tissue in 
structure and excessive growth of cells, but are rarely fatal. However, even benign 
tumors may grow large enough to interfere with normal function. Some benign uterine 
tumors, which can weigh as much as 50 lb (22.7 kg), displace adjacent organs, causing 
digestive and reproductive disorders. Benign tumors are usually treated by complete 

10 surgical removal. Neoplastic cells of malignant tumors (e.g., cancer) have characteristics 
that differ from normal cells in other ways beside cell proliferation. For example, they 
may be deficient in some specialized functions of the tissues where they originate. 
Malignant cells are invasive, i.e., they infiltrate surrounding normal tissue; later, 
malignant cells metastasize, i.e., spread via blood and the lymph system to other sites. 

1 5 [0062] Both benign and malignant tumors are classified according to the type of 

tissue in which they are found. For example, fibromas are neoplasms of fibrous 
connective tissue, and melanomas are abnormal growths of pigment (melanin) cells. 
Malignant tumors originating from epithelial tissue, e.g., in skin, bronchi, and stomach, 
are termed carcinomas. Malignancies of epithelial glandular tissue such as are found in 

20 the breast, prostate, and colon, are known as adenocarcinomas. Malignant growths of 
connective tissue, e.g., muscle, cartilage, lymph tissue, and bone, are called sarcomas. 
Lymphomas and Leukemias are malignancies arising among the white blood cells. 
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[0063] The role of AR and AR inhibitors. It has been reported that AR and AR 

inhibitors are involved in the signal trasduction pathway. Studies from several 
laboratories indicate that inhibition of AR activity by AR inhibitors or AR translation 
diminishes both the TNFct induced activation of NF-kB and proliferation (95, 119, 71). 
5 This inhibition of NF-kB may be related to abrogation of protein kinase C (PKC) 

signaling and that AR-catalyzed reaction products may be an obligatory requirement for 
the activation of PKC. Hyper-osmotic stress induces transcription of the AR gene (88), 
resulting in increased AR mRNA levels (89), followed by rise in AR protein synthesis 
rate (90) and ultimately increased sorbitol accumulation (91). 

1 0 [0064] Glutathione, in mammalian cells, plays a key role in determining the 

sensitivity of cells to radiation and drug-induced cytotoxicity (81, 82, 74). Elevation of 
intracellular glutathione levels is associated with mitogenic stimulation (83), regulation 
of DNA synthesis (84), control of tumor-cell proliferation by regulating protein kinase C 
activity (95, 119) and intracellular pH (pHi) (85). The onset of severe tumor-related 

15 weight loss (cachexia) in the host is accompanied by a decrease in the rate of cancer cell 
proliferation and a decrease in glutathione in the tumor (85, 86). It has been shown that 
mitochondrial glutathione (mGSH) controls the fate of hepatocytes in response to TNFoc. 
Its depletion amplifies the power of TNFa to generate ROS, compromising 
mitochondrial and cellular functions that culminate in cell death (87). Reactive oxygen 

20 species (ROS) and oxygen-derived free radicals are the major source of DNA damage 
(49, 50). Although most of the damage is repaired, cumulative DNA injury due to ROS 
may be responsible for spontaneous carcinogenesis. ROS are regarded as having 
carcinogenic potential and have been associated with tumor promotion. Any disturbance 
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of the balance between ROS and endogenous antioxidants in favor of ROS causes an 
increase in oxidative stress and initiates subcellular changes leading to cancer. Oxidative 
stress plays a detrimental role in a number of pathological conditions, including cancer 
(22, 23). Resistance of many cells against oxidative stress is associated with high 
5 intracellular levels of glutathione (72-74). Also exposure to several physical and chemical 
agents can enhance the generation of ROS and can deplete the antioxidant defense. Hence 
there is a need for better and more potent compounds to boost antioxidant defense. 
Anticancer drug, baicalein enhances cytotoxicity. This increase in apoptotic cells may be 
associated with the depletion of glutathione in Hep G2 cells (80). 

1 0 [0065] AR and AR inhibitor are also involved in diseases such as viral hepatitis 

or hepatocellular carcinomas. Hepatocellular carcinoma (HCC) is the leading 
malignancy with a poor prognosis in areas of high hepatitis B and C prevalence (131, 
132, 133). After curative resections of HCC, a large proportion of patients develop tumor 
recurrence within the first 3 years. How to detect these disseminated cancer cells in the 

15 perioperative period is a problem. The isolation and identification of tumor cells in a 
small blood sample by conventional methods is very difficult because the number of 
malignant cells in the circulation maybe extremely small (127; 128; 129; 130). Victims 
of HCV are at risk for chronic hepatitis, cirrhosis, and hepatocellular carcinoma (Alter et 
al. 1994; Tang et al., 2004). Takahashi et al., examined age-related changes in the protein 

20 and the mRNA expression of aldose reductase in livers of Long-Evans with a cinnamon- 
like color (LEC) rats, which develop hereditary hepatitis and hepatoma with aging. The 
levels of the protein and mRNA of aldose reductase increased after 20 weeks, at the stage 
of acute hepatitis, and were maintained at 60 weeks of age. These results indicated that 
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elevation of aldose reductase accompanied hepatocarcinogenesis and may be related to 
the acquisition of immortality of the cancer cells through detoxifying cytotoxic aldehyde 
compounds. (Takahashi et al., 1996). Therefore, further improvement of long-term 
survival may depend on prevention and treatment of the recurrent tumor. HCC treatment 
5 is invasive novel molecular level approach based on the structure function findings, and 
multidisciplinary interventions might also be important for HCC (Zhou 2002). 
[0066] In addition, AR and AR inhibitors are involved in the treatment of cancer. 

Elevated expression of aldose reductase was observed in cancerous lesions of 3'-methyl- 
4-dimethyl-aminoazobenzene (3'-Me-DAB)-induced hepatocarcinomas. The viability of 

10 hepatoma cells in the presence of 3-deoxyglucosone and glyceraldehydes was decreased 
by an aldose reductase inhibitor, ONO-2235 (5-[lZ,2E)-2-methyl-3- 
phenylpropenylidene]-4-oxo-2-thioxo -3- thiazolidineacetic acid). Taken together, 
induction of aldose reductase gene expression during hepatocarcinogenesis may render 
cancer cells resistant to various toxic carbonyl compounds produced during metabolism 

1 5 or administered as anti-cancer drugs (136). 

[0067] Cancer cachexia is a most common complication of malignant disease and 

is a serious clinical problem. Cachexia is characterized by anorexia severe weight loss 
and progressive tissue wasting (138; 139; 140). The presence of cahexia symptoms 
deteriorates the effectiveness of cancer therapy or quality of life in patients. In fact a 

20 lower frequency of response to anti-cancer therapy and a shorter survival period are not 
uncommon in patients with cachexia, compared to those without weight loss (139, 140). 
Cachexia is a complex syndrome, and the cause of cachexia induction is extremely 
multiple. Tissue wasting, mainly caused by the depletion of skeletal muscle and adipose 
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tissue, is due to metabolic alterations in the host, associated with the enhanced energy 
requirements for tumor growth (Lazo 1985; Legaspi et al., 1987; Mulligan et al., 1992). 
Cachexia is a common complication of malignancy and is found in more than 60% of 
patients with neoplastic disease (1391 140). The effectiveness of cancer therapy depends 
5 on the presence or absence of cachexia. Therefore, treatment of cancer cachexia is 
essential in anti-cancer therapy, because it is expected that inhibition of cachexia, 
symptoms will result in a longer life span for the patient as well as an improvement of the 
quality of life. 

[0068] Recent study has demonstrated that B16 melanoma-induced cachexia in 

1 0 mice is inhibited by ponalrestat, an aldose reductase inhibitor, which has the ability to 
activate lipoprotein lipase (LPL) activity both in vitro and in vivo. In the study by 
Kawamura (144 - 147), the effect of bezafibrate and NO- 1886, LPL activators, on B16 
melanoma-induced cachectic symptoms was investigated in mice. Treatment with 
bezafibrate resulted in an attenuation of the decrease in the weight of epididymal fat and 
15 whole body lipid observed in mice following intraperitoneal inoculation of B16. The 
increase in the levels of triglyceride and non-esterified fatty acid, and a decrease in the 
level of glucose in the blood, which was induced by the presence of tumor, were also 
restored to that of normal mice after treatment with bezafibrate. The reduction in the 
weight of epididymal fat and whole body lipid induced by B16 was also ameliorated by 
20 NO- 1886. Overall, this study demonstrated that cachexia induced by B16 melanoma in 
mice was alleviated by the LPL activators bezafibrate and NO- 1886, suggesting the 
involvement of the impaired LPL activity in the establishment of cachexia syndrome in 
mice bearing B16 melanoma (144; 145). Findings propose that ponalrestat, an aldose 
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reductase inhibitor, has a therapeutic potential for the treatment of cancer cachexia. 
Furthermore ARI were used in nude mice bearing human melanomas G361 and SEKI as 
well (146). 

[0069] The effect of ponalrestat on murine adenocarcinoma colon26-induced 

5 cachexia was investigated in mice. Mice bearing colon26 subcutaneously lost weight and 
became cachectic, associated with the tumor growth. Although tumor growth was slightly 
stimulated when tumor bearing mice were treated with ponalrestat: nevertheless, the drug 
attenuated the reduction in the weight of body mass, epididymal fat, gastrocnemius 
muscle and carcass induced by colon26, as well as significantly prolonged the survival of 

10 the colon26 bearing mice. Ponalrestat inhibited the production of interleukin-1 (IL-1) 
from human monocytes stimulated by Lipopolysaccharide (LPS) in vitro, and also 
suppressed LPS-induced increase of IL-1 in the blood in mice. Overall, this study showed 
that ponalrestat suppresses IL-1 production both in vitro and in vivo, and inhibits the 
cachectic symptoms induced by colon26 adenocarcinoma in mice, suggesting that 

15 ponalrestat has a therapeutic potential for the treatment of cancer cachexia. (147.) 

[0070] „ Changes in glucose metabolism during diabetes are linked to an increased 
risk for the development of cancer. Increased activity of aldose reductase, the rate- 
limiting polyol pathway enzyme that converts glucose into sorbitol, mediates pathologies 
associated with diabetes and is thought to be involved in increased resistance to 

20 chemotherapeutic drugs. Thus, increased intracellular sorbitol levels may serve a 

protective function in cancer cells. These studies by Lee et al., (131) determined whether 
an inhibitor of aldose reductase could enhance the effectiveness of anticancer agents. 
Furthermore findings by other groups indicate that treatment with the aldose reductase 



54435-8003. US0 1 /LA04 1 060.08 1 



Express Mail No. EL994147789US Attorney Docket No. 54435. 8003 .US01 

inhibitor, ethyl l-benzyl-3-hydroxy-2(5H)-oxopyrrole-4-carboxylate (EBPC), enhances 
the cytotoxic effects of the anticancer agents doxorubicin and cisplatin in HeLa cervical 
carcinoma cells. Interestingly, treatment with EBPC in combination with the 
chemotherapeutic drugs increased extracellular signal-regulated kinase (ERK) activity as 
5 compared to treatment with the chemotherapeutic drugs, suggesting a possible role for 
the ERK pathway in mediating doxorubicin- or cisplatin-induced cell death. Consistent 
with this possibility, inhibition of ERK activation by the MEK inhibitor, U0126, reversed 
the EBPC-mediated enhancement of cell death. In summary, these data provide evidence 
that adjuvant therapy with aldose reductase inhibitors improves the effectiveness of 
1 0 chemotherapeutic drugs, possibly through an ERK pathway-mediated mechanism. (131.) 
Preclinical report by Shapiro; Many cancer cells contain elevated levels of aldose 
reductase, indicating that this protein may be involved in cancer cell growth and survival 
031). 

[0071] In adjuvant therapy ARI improves the effectiveness of chemotherapeutic 

15 drugs (131). Since HeLa cells express high levels of AR (148) these cells were used to 
test whether the presence of an ARI could enhance the cytotoxic effects of anticancer 
agents. Cells were exposed to suboptimum doses of doxorubicin or cisplatin that typically 
cause minimal cell death in the presence or absence of the ARI, EBPC. Cells treated for 
24h with 0.25g/ml doxorubicin or 30 jiM cisplatin in the presence of 30 or 50 )aM of 
20 EBPC showed a significant increase in the percentage of dead cells as compared to 

untreated control. EBPC also enhanced the cytotoxic effects of doxorubicin and cisplatin 
on cell proliferation. Treatment with EBPC alone at these concentrations had no effect on 
cell death or proliferation. These data suggest that inhibition of aldose reductase activity 
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increases the effectiveness of doxorubicin and cisplatin in promoting cytotoxic effects in 
HeLa cells. 

[0072] HepG2 cells, a stable line of liver cells, were induced to overexpress AR 

by hypertonicity. Cells that were cultured in hypertonic medium became more resistant to 
5 daunorubicin, suggesting that overexpression of AR made the cells more resistant to this 
drug. This is confirmed by the fact that addition of AR inhibitor sensitizes the cells to this 

I 

drug again. This information may be important for designing new drugs to treat this 
deadly disease, liver cancers. This is because 29% of human liver cancers overexpressed 
aldose reductase (AR) and about 54% of them overexpressed an AR-like gene called 

1 0 ARL- 1 that has similar enzymatic activities to AR. (131.) 

[0073] A new ovarian adenocarcinoma line CABA I cells were characterized by 

high levels of sorbitol (39±1 1 nmol/10 6 cells). Regarding tumor cells, an elevated 
concentration of sorbitol has been found to induce resistance to cis-platinum in human 
non-small-cell lung cancer cell lines, by modulating the activity of Na + , K + ATPase 

15 (149). This body of evidence suggests that accumulation of sorbitol in CABA I cells 
might be an index of increased metabolic flux through the aldose reductase pathway, by 
which these fast growing cancer cells would likely enhance their capability of self- 
detoxification, through reduction of aldehydes or other similar (either endogenous or 
exogenous) compounds, including anti-cancer drugs. Ovarian carcinomas represent a 

20 major form of gynecological malignancies, whose treatment consists mainly of surgery 
and chemotherapy. Besides the difficulty of prognosis, therapy of ovarian carcinomas has 
reached scarce improvement, as a consequence of lack of efficacy and development of 
drug-resistance. The need of different biochemical and functional parameters has grown, 
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in order to obtain a larger view on processes of biological and clinical significance. 
Biochemical and biological functions suggest in human ovarian carcinoma cells aldose 
reductase play a significant role especially in relation to their cell detoxification 
mechanisms during tumor progression (150). 
5 [0074] Human aldose reductase-like protein- 1 (hARLP-1) was the most 

prominent tumor-associated AKR member detected in HCC by 2-dimensional 
electrophoresis (2-DE) and identified by mass spectrometric fingerprinting. The enzyme 
was found in 4 distinct forms (hARLP-1, 36/7.4 (kd/pl); hARLP-2, 36/7.2; hARLP-3, 
36/6.4; and hARLP-4, 33/7.35). In addition, a human aldose reductase-like protein 

10 (hARLP-5, 36/7.6) was identified that differed from hARLP-1 by 1 amino acid (D313N), 
indicating 2 allelic forms of the human aldose reductase-like gene (151). Of these HCC 
samples, 95% were positive for hARLPs as proven by 2-DE analysis and/or by use of the 
antibody directed against hARLP. Thus, hARLP is a strong candidate for use as an 
immunohistochemical diagnostic marker of human HCC. 

1 5 [0075] Induction of AR may, therefore, be a consequence of an adaptive response 

of cancer cells to the activated metabolism, and may detoxify cytotoxic carbonyl 
compounds. Moreover, some anti-cancer drugs, such as adriamycin, are known to have 
an aldehyde group as their functional site. Cancer cells with elevated levels of AR, 
therefore, may be more resistant to such drugs than cells with lower AR activity. Thus, it 

20 is helpful for chemotherapy of a certain cancer in conjunction with AR inhibitors. 
[0076] The following examples are offered by way of illustration and are not 

intended to limit the invention in any way. All the references cited in this application are 
incorporated by reference in their entirety. 



54435-8003. US0 1 /LA04 1 060.08 1 



Express Mail No. EL994147789US Attorney Docket No. 54435.8003.US01 

[0077] Example 1. Synthesis and analysis of base propenals 

[0078] Base propenals generated during Bleomycin (BLM)-induced degradation 

of calf-thymus DNA have been separated and purified following procedures described 
earlier (43). Briefly, to generate high concentrations of base propenals, 1.5 mg calf- 
5 thymus DNA was incubated with ImM Bleomycin A2 and 1 mM Fe(NH 4 ) 2 (S0 4 )2 at 0 °C 
for 30 min in 50 mM potassium phosphate, pH 7.2. The non-degraded DNA was 
removed by gel filtration over a G-10 column, and the presence of base propenals in the 
eluate was measured by the thiobarbituric-acid-reactive-substances (TBARS) test. The 
peak(s) containing TBARS were collected, pooled and separated by HPLC on a 0.46 x 10 

10 cm Cig column using a linear gradient of 0 to 100% methanol. The eluate was monitored 
at 254 nm using a PDA detector. As shown in Fig. 2, the low molecular weight products 
of DNA degradation eluted as four separate peaks upon HPLC. Each peak was collected 
and scanned from 210 to 340 nm and the concentration of the individual propenals was 
calculated using the following extinction coefficients: thymine, 30 3 = 26.3; adenine, 257 = 

15 34.3; cytosine, 312 = 28.7; and guanine, 2 66 = 1 1.3 x 10 3 M^cm" 1 . In a preliminary 
experiment, a total of 50 /iM TBARS were obtained from 1.5 mg calf thymus DNA, 
which contained 42% thymine, 27% adenine, 10% guanine and 21% cytosine propenals. 
In addition to synthesis, adenine propenal is commercially available, and to minimize 
usage of other propenals it will be used for standardizing and troubleshooting 

20 experimental protocols. After HPLC separation, each peak corresponding to the retention 
times of individual propenals was analyzed by electrospray mass spectrometry (ESlVMS) 
to authenticate the absorption measurements and to establish purity. The mass of the 
major ions in peaks I-IV corresponded to cytosine (m/z 166.1), guanine (m/z 181.1), 



54435.8003.US01/LA041060.081 



Express Mail No. EL994147789US Attorney Docket No. 54435.8003.US01 

thymine (m/z 206.1) and adenine (m/z 190.1) propenal, respectively. The representative 
ESI7MS profiles of cytosine and adenine propenals are illustrated in Fig. 3. The 
individual purified base propenals were collected and tested for their ability to serve as 
substrates of AR and synthesize glutathione conjugates. 
5 [0079] Example 2. Synthesis and analysis of glutathione conjugates. 

[0080] The purified propenals from Example 1 were incubated with a 10- fold 

molar excess with tritiated reduced glutathione ( 3 H-GSH) in 0.1 M potassium phosphate, 
pH 7.4. The reaction was monitored spectrophotometerically by following the decrease in 
absorbance at 312, 327, 303 and 257 nm for cytosine, guanine, thymine and adenine 

10 propenals respectively (43). After 30 min of incubation, the radiolabeled glutathionyl 
conjugates were separated on HPLC and for the case of adenine propenal the conjugate 
generated was examined by ESf/MS (Fig. 4). The spectrum of the conjugate shows a 
predominant species with a m/z value of 497.2. Note that the spectrum also shows a 
molecular ion due to glutathionyl propenal (m/z = 362.4), which could have been 

15 regenerated from the spontaneous dissociation of the glutathionyl adenine propanal, as 
has been described before (33). The ion at m/z value of 308.2 appears to be GSH 
(expected m/z = 308) generated perhaps by in-source fragmentation. 
[0081] Example 3. Production of AR: 

[0082] To examine the kinetic properties of AR and its interaction with 

20 glutathione conjugate or analogs thereof, the AR over-expressing cells from two 

laboratories were used. In the case that cells are prepared in accordance reference # 45, 
the expressed protein was purified using a His-Tag affinity column. The eluted protein 
was collected, reduced and digested by thrombin to partially remove the His-Tag. As 
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shown in Fig. 5, the apparent molecular weight of the protein was 36,135, which is in 
excellent agreement with the expected molecular weight of 36,134 (AR + his-ser-gly = 
35,853 + 281 = 36,134), indicating that recombinant AR shows no post translational 
modification. In the case that cells 79) AR was purified following the procedure 
5 described in the section on Plan of Attack and its purity determined by SDS gel 

electrophoresis. No post translational modification was observed upon ESlTMS of AR 
purified from human tissues. In both the cases the assay was used to follow AR during 
purification. The human AR has amino acid sequence as shown in SEQ ED NO: 1 . 
[0083] Example 4. Reduction of base propenals by AR: 

10 [0084] Incubation of AR with NADPH and adenine propenal led to the rapid 

NADP formation. The glutathione conjugate of adenine propenal was reduced with high 
efficiency as well. To examine the product of AR-mediated reduction, the reduced 
propenal as well as its glutathione conjugate were purified by HPLC and examined by 
ESfVMS. As shown in Fig. 6, reduction of adenine propenal and glutathionyl adenine 

1 5 propanal by AR led to an increase in the m/z value by 2. These data show that AR 

reduces these aldehydes to their corresponding alcohol. Significantly, no formation of 
base-free glutathionyl propenol was observed, indicating that reduction prevents the 
spontaneous release of base from the conjugate. The reduction of adenine propenal and 
glutathionyl adenine propenal by AR was catalyzed by a 1000- to 10,000-fold high 

20 efficiency than glucose or ribose, indicating that propenals are one of the best substrates 
of AR described so far. AR also catalyzed the reduction of DNA base propenals other 
than adenine. The glutathione conjugates of these aldehydes were also reduced with 
efficiency comparable to that of glutathionyl adenine propenal. 
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[0085] Example 5. Cellular metabolism of adenine propenal : 

[0086] The cellular metabolism of base propenals was examined in isolated rabbit 

cardiac myocytes and COS-7 cells. The myocytes from rabbit ventricle were isolated as 
described in (46) and the COS-7 cells were obtained from ATCC. For metabolic studies, 
5 the cells were incubated with 1 0 fiM of adenine propenal in Hepes-Ringer's buffer, pH 
7.4. After 30 min of incubation, the medium was removed, and the adenine propenal and 
metabolites in the medium were separated by HPLC. Fig. 7A shows the HPLC separation 
of reagent adenine propenal from glutathionyl adenine propanal and adenine propenol. 
The metabolites generated in the medium from cardiac myocytes and COS-7 cells are 

10 shown in Fig. 7B and C, respectively. These data show that the glutathione adduct is the 
major metabolic product generated in these cells, which accounted for approximately 
80% of the base propenal consumed. Interestingly, the corresponding acid, which 
constitutes 50-60% of the metabolites derived from unsaturated aldehydes such as HNE 
(47), was absent. To establish the structure of the glutathione conjugate peak I of the 

15 metabolites was injected into ESI + /MS. As shown in Fig. 8, the conjugate formed a 
strong molecular ion with a m/z value of 499.2, which corresponds to the structure of 
glutathionyl adenine propanol. No glutathionyl propenal was observed (data not shown). 
These data show that conjugation of adenine propenal with glutathione is followed by 
complete reduction of the conjugate to the corresponding alcohol. 

20 [0087] To examine whether the reduction of the conjugate is catalyzed by AR, the 

metabolism of adenine propenal in cardiac myocytes and COS-7 cells was examined in 
the presence of two structurally unrelated AR inhibitors, tolrestat and sorbinil. In the 
presence of these inhibitors the reduction of conjugate was significantly prevented (Fig. 
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9), such that the predominant species of the conjugate was glutathionyl adenine propanal. 
To probe the role of AR further, whether upregulation of AR would enhance the 
reductive metabolism of adenine propenal was examined. To enhance the expression of 
AR, the COS-7 cells were transfected with AR cDNA using lipofectamine. After 24 h, a 
5 10-fold increase in the expression and a 7-fold increase in the activity of AR were 
observed as compared to the cells transfected with the empty vector alone (Fig. 10). 
[0088] To examine changes in metabolism, the cells transfected with AR cDNA 

and the empty vector were incubated with 10 fxM adenine propenal as described before. 
After 30 min of incubation, the medium was collected and separated by HPLC. As 

10 compared to the vector transfected cells, the AR** cells showed an additional peak with a 
retention time of 22 min (Fig. 1 1A), which corresponds to that of adenine propenol, 
accordingly, adenine propenol was the predominant ion present in this fraction (m/z value 
of 191 .9). The peak was completely abolished when the cells were exposed to adenine 
propenal in the presence of sorbinil (Fig. 1 ID). These results suggested that in AR over- 

15 expressing cells, a substantial portion of adenine propenal is directly reduced by AR, and 
that AR-mediated reduction outcompetes for the formation of the glutathione conjugate. 
[0089] Example 6. Subcellular localization of AR 

[0090] To examine whether AR could reduce aldehydes generated from DNA in 

the nucleus, the subcellular distribution of AR is determined Subcellular fractionation of 
20 pre-B REH cells was performed by differential centrifiigation of osmotically swollen 

cells (48). Centrifiigation at 200g, 10,000g and 15,000g were used to separate the nuclei, 
pallet the mitochondria and membrane, respectively. The nuclear membranes were 
isolated by centrifiigation of the nuclei through a 2 M sucrose cushion at 150,000g. As 
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shown in Fig. 12, Western blot analysis of SDS-PAGE gels shows that AR is present in 
high abundance in the cytosol, followed by the light membranes. Significant proportion 
of the AR protein was also associated with the nuclei. The presence of AR in the nuclei is 
consistent with the view that it may be involved in the detoxification of DNA-derived 
5 aldehydes. 

[0091] Example 7. Role of AR in the toxicity of base propenals. 

[0092] To evaluate the detoxification potential of AR-mediated metabolism, 

whether the toxicity observed of adenine propenal to COS-7 cells is augmented by AR 
inhibitors is examined. Incubation of the COS-7 cells with 100 (aM adenine propenal led 

10 to a progressive loss of cell viability as measured by the MTT assay (Fig. 13), which has 
a half life of 8.6 ± 0.1 h. However, when the cells were pre-incubated with 100 jiM 
sorbinil, the half life of the cells was significantly decreased to 6.1 ± 0.5 h. These 
observations imply that reduction of adenine propenal and glutathionyl adenine propenal 
by AR prevents the cytotoxicity of these aldehydes. 

15 [0093] Example 8. Distribution of AR in different cells: 

[0094] To facilitate studies on the role of AR in propenal metabolism, the 

abundance of AR protein in several cell lines was examined. These cells were grown in 
culture under similar conditions. Cell extracts were prepared in protease containing buffer 
and equal concentrations of cell extracts were loaded on the gel. The AR protein was 

20 recognized by anti-AR antibodies. As shown in Fig. 14, the expression of AR in this set 
of cells was highly variable. AR was most abundant in HeLa (G), H82 (F) and REH (C) 
cells, while minimal expression of the protein was observed in the K562 (D) and K932 
(E) cells. Acceleration of cell death and enhanced cytotoxicity due to exogenously added 
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or endogenously BLM-derived base propenals by AR inhibitors will suggest that AR 
plays a critical role in the detoxification of base propenals. This conclusion will be 
further supported by the observations that the K562 cells are more sensitive to BLlVL^ase 
propenal toxicity and that over-expression of AR in these and COS-7 cells enhances their 
5 resistance to base propenal/BLM cytotoxicity. In addition, the sensitivity of HepG2 cells 
to base propenals will be useful in assessing the contribution of AR in the absence of 
GSTPl-l-catalyzed glutathiolation. Furthermore, it is expected that the AR inhibitors will 
restore the sensitivity of the AR-transfected COS-7 and HepG2 cells to the level of the 
wild type cells, and that the AR inhibitors will not affect the sensitivity of AR-deficient 
10 K562 cells. This will help in determining cell type-specific and drug-specific effects. 
Thus, conditions that lead to enhanced metabolism should be associated with reduced 
toxicity and vice versa. 

[0095] Example 9. Rational molecular design: 

[0096] Quantitative structure-activity relationships (QSAR) represent an attempt 

15 to correlate structural or property descriptors of compounds with activities. These 

physicochemical descriptors, which include parameters to account for hydrophobicity, 
topology, electronic properties and steric effects are determined empirically or, more 
recently, by computational methods. QSAR studies of many targets have been done in 
pursuit of rational drug design using activities like chemical measurements and biological 
20 assays (125, 126). 

[0097] Example 10. Building the model for glutathione conjugate analogs 

[0098] Compounds that represent the members of the glutathione conjugate 

analogs are used for the development of 3-D pharmacophores. Analogs of glutathione 
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conjugate will be used in the first round are different (a) substitution on the glutathione 
moiety, (b) substitutions on aldehyde moiety, (c) length of the aldehyde moiety and (4) 
chirality (see Figs. 22-25). The 3D coordinates for the known structures will be obtained 
from PDB and Cambridge databases. For the compounds without the 3D structures they 
5 will be generated in SYBYL on SGI workstations and their energy will be minimized 
using conjugate gradient procedures employing TRIPOS force field. For the training set 
their possible conformations will be ascertained where for each analog rotatable bonds 
will be assigned and a conformational search will be performed allowing the bonds to 
rotate with a chosen stepwise increment of the dihedral angles. Angle files will be 
10 produced and the internal energy corresponding to each valid conformation will be 
evaluated by molecular mechanics method (options are MM3, AMP AC, Confort). 
[0099] Example 11. 3-D OSAR analysis 

[00100] QSAR with CoMFA provides tools to (1) build statistical and graphical 
models of activity from molecular structure, (2) uses these models to make accurate 

15 predictions for the activity of untested compounds, (3) organizes structures and their 

associated data into Molecular Spreadsheets, (4) calculates molecular descriptors and (4) 
performs sophisticated statistical analyses that reveal patterns in structure-activity data. 
Traditional CoMFA method implemented in SYBYL (104) will be used to perform 3-D 
QSAR analysis. Currently CoMFA has been widely used to predict biological activity of 

20 newly synthesized molecules (104). 

[00101] Example 12. Model validation: 

[00102] Partial least squares regression will be used to analyze the statistically 
significant model for the training set by correlating variations in their biological activities 

54435-8003.US01/LA041060.081 19 



Express Mail No. EL994147789US Attorney Docket No. 54435.8003.US01 

with variations in their interaction fields. Using optimal number of components the final 
partial least squares analysis will be carried out without cross-validation to generate a 
predictive model with a conventional correlation coefficient. For the training set, two 
different alignment strategies will be examined using the program FlexS (102, 105). In 
5 FlexS physicochemical properties of molecules to be superimposed will be approximated 
as density distribution in space in terms of associated Gaussian functions. These 
functions will be used to automatically superimpose a flexible molecule onto a rigid 
template molecule (glutathione moiety). For each alignment the interaction field between 
the ligands and a water probe will be calculated. The variables obtained for each 

10 compound will be used to generate the Smart Region Definition/Fractional Factorial 
Design (SRD/FFD). Subsequently, the SRD procedure will be used to carry out the 
variable selection on groups of variables chosen according to their positions in 3-D space. 
[00103] The docking analysis will be performed using a two-stage docking 
procedure applying the program AutoDock, which has been shown to successfully 

15 reproduce experimentally observed binding modes (25, 106). The interaction energy of 
ligand and AR will be evaluated using atom affinity potentials calculated on a grid 
similar to that described by Goodford (120). In the second step low-energy complexes 
will be reranked according to the interaction energy calculated with a more detailed 
energetic model based force field. For this second step, the complexes of the AutoDock 

20 energy ranking will be selected. The protein structure will be held fixed during the 

minimization, whereas the ligand will be allowed to change its conformation and position 
in the binding pocket. The calculated GRID contour maps will be viewed superimposed 
on the structures of AR and inspected manually. 
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[00104] Example 13. Screening a virtual library of compounds 
[001 05] The flexible-ligand/grid-potential-receptor docking algorithm (121) will 
be carried out automatically on Available Chemicals Directory library of 1 53,000 
available chemical compounds (MDL Information System, San Leandro, CA). Molecular 
5 Design Limited (MDL) Information Systems is a recognized leader in discovery 

informatics for the life sciences and chemistry in industry and academia. The database 
contains all the chemical compounds that are commercially available with their complete 
details such as the vender, solubility and so on. Any hit generated using this approach 
will be purchased or custom synthesized for further studies. Each compound will be 

1 0 assigned a score according to its fit with AR, which took into account continuum as well 
as discreet electrostatics, hydrophobicity and entropy parameters. Also subroutines 
FlexX, Cscore, FlexS, CombiFlex LeapFrog will be used to design potent compounds. 
[00106] Example 14. Chemical synthesis of the modified glutathione conjugates 
[00107] Sets of glutathione aldehyde conjugates (Fig. 15, compound 1) are 

15 synthesized for systematic structure-activity studies. Analogs to 1 will include (1) 
substitution and functional group interchange on the glutathione moiety (Fig. 15, 
compounds 2-9), (2) substitutions on the aldehyde moiety (Fig. 16, compounds 10-15), 
(3) variation in the methylene spacer length of the aldehyde moiety (Fig. 18, compounds 
16-20) and (4) chirality modifications. Approximately 20 milligrams of each target will 

20 be synthesized for initial screening. Larger amounts of the most promising compounds 
will be synthesized for advanced studies, such as the interaction with AR. The purity of 
all compounds will be established by HPLC analysis. All the compounds will be 
characterized by proton and carbon NMR, by high resolution mass spectrometry and by 
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other techniques (optical rotation, elemental analysis, single crystal x-ray analysis) as 
appropriate. 

[00108] The set of compounds 2-9 with substitutions and modifications of the 
glutathione moiety will be prepared by assembly of the modified glutathione from the 
5 known component parts (122) via standard solution phase techniques. Compounds 10-15 
will be prepared by reaction of glutathione with the appropriate a, |3 -unsaturated aldehyde 
(123). Analogs where Rl and R2 are like DNA bases will be chemically synthesized in 
addition to the biochemical methods. The set of compounds 16-20 will be prepared as 
illustrated in Fig. 18. Protected glutathione analog 21 can be prepared in five steps from 

10 glutathione as described in reference #124. It can be readily alkylated with a series of 
homologous co-bromoacetals and the intermediates will be deprotected to give 
compounds 16-20 where the length of the methylene spacer can be varied. Initially 
compounds with 3 S are prepared. Finally, the chirality and amino acid sequence of 
the glutathione moiety will be modified. The incorporation of unnatural amino acids as 

1 5 compounds of interest derived from these would presumably resist enzymatic function in 
vivo. The D-amino acids necessary for this work are commercially available. 
[00109] Example 15. Biological Activity of AR - Reduction of base propenals and 
their glutathione conjugates by AR . 

[001 1 0] The AR activity will be determined at 37 °C in 1 00 mM phosphate buffer, 
20 pH 7.0 containing 0. 1 5 mM NADPH and the appropriate concentration of the base 

propenal, by monitoring the rate of disappearance of NADPH at 340 nm. A characteristic 
feature of AR is its sensitivity to thiol oxidation, which alters its kinetic properties and 
inhibitor sensitivity. Therefore, all the buffers to which the enzyme is exposed contain 
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thiol-reducing agents such as dithiothreitol (DTT). Because propenals react avidly with 
thiols, true catalysis of these substrates cannot be measured in the presence of thiols. 
Therefore, stored AR (which tends to oxidize even in the presence of thiols) will be 
thoroughly reduced by incubating with 0.1 M DTT at 37 °C for 1 h in 0.1 M Tris-HCl, pH 
5 8.0. This treatment reduces all 7 cysteine residues of the enzyme and minimizes day-to- 
day variations in the properties of the enzyme. However, reduced AR is rapidly oxidized 
in air. Therefore, before each experiment, DTT will be removed from the enzyme by gel 
filtration on a PD-10 column, equilibrated with K-phosphate buffer containing 1.0 mM 
EDTA. All solutions used for enzyme assay and storage will be saturated with argon. 

10 Initially, the kc at and K m values of AR with adenine, guanine, cytosine and thymine 
propenal are determined. The kinetic parameters of AR will be determined from a 
complete initial velocity profile at different concentrations of NADPH and adenine 
propenal, using the following equation for sequential ordered reaction scheme (followed 
by AR): v =(V max - A-B)/(K ia -K b +K a B+K b A+AB), where A = NADPH and B is adenine 

15 propenal. Substrate inhibition, if any, should correspond to the following equations v = 
(V max -A-B)/{K ia -K b (l+B/K ib +K a B(l+K ib )+K b A+ AB)} or v - (V max -A-B)/K ia -K b + 
K a B+K b A +AB 2 /K ib , Correspondence of the data to the above rate equations will be 
statistically assessed using well established methods (78). Determination of K ib will be 
useful in assessing whether at high concentrations of propenals prevent their own 

20 detoxification. IC 5 o values will be calculated from median effect plots following the 
methods described in (92). 

[00111] Example 16. Kinetic Data Analysis 
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[00112] Individual saturation curves used to obtain steady-state kinetic parameters 
will be fitted to a general Michaelis-Menton equation. In all cases, the best fit to the data 
will be chosen on the basis of the standard error of the fitted parameters and the lowest 
value of a, which is defined as the sum of squares of the residuals divided by the degrees 
5 of freedom (n-1). For steady-state kinetic analysis, n represents the number of velocity 
measurements. The substrate concentration will be varied over a range extending from 
0.2 to 5-7 times the K m . The initial velocity will be measured at 7-9 different 
concentrations of each substrate. Multiple (4-6) data sets will be collected for each 
measurement. 

10 [00113] Example 17. Biological activity of AR in presence of compounds: 
[001 14] Binding of substrates to the AR family is facilitated by the presence of 
NADPH. Upon binding, NADPH induces a large conformational change in these 
proteins, which enhances binding. Moreover, NADPH binding quenches the intrinsic 
fluorescence of the protein and results in the appearance of an additional emission band at 

1 5 450 nm. The 450 nm band has been suggested to be due to the formation of a charge- 
transfer complex between the reduced coenzyme and the tryptophan residues located at 
the active site (96). The emission of this band is quenched upon substrate binding to AR. 
This method will be a valuable method to test all the compounds (glutathione conjugates, 
designed and synthesized) for their binding capability to AR. 

20 [00115] Fluorescence spectra will be recorded on a fluorescence 

spectrophotometer. Excitation wavelength of 290 nm and an emission wavelength of 335 
or 345 nm will be used for the fluorometric titrations. Aliquots of the protein will be 
equilibrated with 2.0 ml of 0.15 M potassium phosphate, pH 7.4. The fluorescence of the 
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protein will be measured before and after the addition of 2-20 jal of the pyridine 
nucleotides. To minimize nucleotide absorbance, a 5 x 10-mm cuvette will be used for 
titration with NAD(H). The protein concentration will be measured by the Bradford dye 
binding method (76). Fluorescence titration data will be fitted to a binding equation that 
5 takes into account the corrections for scatter, dilution and cofactor absorbance (77). 

[00116] Example 18. Measurement of AR activity in AR with new compounds or 
AR ligands. 

[00117] The reductase activity will be measured in 250 mM K-phosphate, pH 6.0, 
containing 0.1 mM NADPH. The substrates will be dissolved in the buffer or in 

10 acetonitrile. The final concentration of acetonitrile in the cuvette will be kept below 4%. 
The catalytic activity will be determined with para-nitrobenzaldehyde (final 
concentration = 400 (aM), 9, 10- phenanthroqunione (9,10-PQ; 50 jaM) and androstane 
dione (30 jaM). Additionally, the catalytic activity of the protein will be determined with 
50 mM glucose or 10 mM DL-glyceraldehyde, or 1 mM 4-hydroxy trans-2-nonenal 

15 (HNE) and or its glutathione conjugate (GS-HNE). The reference cuvette will contain all 
the components of the mixture except the substrate. The enzyme activity will be 
calculated as nmoles of NADPH oxidized/ mg protein/ min. For determining the reverse 
activity (alcohol oxidation), alcohols corresponding to the above-mentioned aldehydes 
will be used with NADP as the cofactor. 

20 [00118] Example 19. Cellular metabolism of conjugate and new compounds : 

[00119] Compounds generated in Examplel8 and tested for binding and the kinetic 
parameters with AR will be tested for their cellular properties following the methods 
described in the Preliminary Results section A.4. and A.6. In addition other cell lines 
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important for cancer like MCF-7, SKBR-3, MAD-MB-231, T47D, HEP G2, 293 Lincap 
will be included in this study along with the normal cell lines MCF-10A, MCF-10F and 
HBL-100. 



noncompetitive inhibition pattern with respect to the reduction of glyceraldehyde by the 
recombinant hAR in the forward direction. The IC50 value of bezafibrate for human AR 
was determined to be 3.8 ^M. DL Glyceraldehyde, NADPH, and Bezafibrate (2-[4-[2-(4- 
chlorobenzamiso)ethyl] phenoxy]-2-methyl-propionic acid) were purchased from Sigma- 
10 Aldrich. All other chemicals used were of the highest purity available. 

[00123] Human aldose reductase was recombinantly expressed in E, coli BL21, 
purified, and used for testing the efficacy of Bezafibrate in regulating aldehyde reduction 
reaction. E. coli BL21 was grown overnight (16 h) at 37°C with shaking (250 rpm) in 100 

15 ml of Luria-Bertani (Miller) broth (25 g/1), supplemented with ampicillin (50 //g/ml). 
Over night grown culture was inoculated (25 ml/1) into four 3 1 flasks each containing 11 
LB supplemented with ampicillin (50 /*g/ml) at 37°C with shaking (250 rpm) for 3 to 4 h 
until an attenuance (A 60 o) of ~ 0.7. Isopropyl j3-D-thiogalactoside (IPTG, 1 mM) was 
added to the culture and was further incubated for 3 h to induce the expression of human 

20 aldose reductase gene. Cells were harvested by centrifugation at 10,000 g for 15 min at 
4°C in a Beckman JLA-16250 rotor. Cell pellets were resuspended in 80 ml of Talon 
extraction/wash buffer, (pH 7.9, Clonetech), and lysed by sonication with ten pulses (30 s 
each) and centrifliged at 12 000 g. The supernatant was collected and mixed with 5 ml of 
Talon metal affinity matrix (Clonetech), equilibrated in Talon extraction/washing buffer 



[00120] 



Example 20. Fibrate as AR inhibitors . 



5 [00121] 



In this experiment, fibrate (e.g., Bezafibrate, See Fig. 24) exhibits a partial 
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and incubated for I h at 4°C to allow the binding of the protein. The slurry was then 
transferred into a column allowing the matrix to pack and the supernatant to pass through 
at a flow rate of 0.5 ml/min. The column was washed with 50 ml of Talon 
extraction/wash buffer, and the enzyme was eluted with 50 ml of Talon elution buffer. 
5 The eluted protein was dialyzed overnight using Spectra/Por 5-8 kDa MWCO at 4°C in 
50 mM sodium phosphate buffer (pH 7.0) containing 1 mM 2-mercaptoethanol. His-tag 
from the dialyzed protein was removed using thrombin cleavage kit (Novagen) by adding 
1 \il of thrombin to 4 mg of protein and incubating overnight at room temperature. The 
purity of the protein at each stage of purification was assessed by SDS PAGE, and 
10 staining the gels with Coomassie Blue. Protein was quantified by measuring the OD at 
280 nm and, one unit of activity corresponds to 1 //mol of coenzyme utilized/min, based 
on a molar absorption coefficient (6340) of 6,220 M'^cm" 1 

[00124] Activity with various concentrations of DL glyceraldehyde in the absence 
15 and, in the presence of various concentrations of Bezafibrate was determined by 
monitoring the change in NADPH concentration at room temperature 28 + 2°C in a 
Beckman DU600 model spectrophotometer by measuring the absorbance at 340 nm, in 
0.01 M sodium phosphate buffer (pH 6.2). Kinetic parameters were obtained from initial- 
rate activity measurements, with substrate concentrations of 0.05 mM to 10 mM. Each 
20 individual rate measurement was done in duplicate. At least three independent 

determinations were performed for each kinetic constant. Values were calculated using 
Sigmaplot Ver 8.0 (SPSS Inc.) using a non-linear Marquardt's regression algorithm that 
computes the coefficients (parameters) of the independent variable(s) that give the "best 
fit" between the equation and the data. Inhibition-constant (Ki) and, the IC 50 values for 
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bezofibrate was calculated from the secondary plot of slope values from the double- 
reciprocal plot versus inhibitor concentration and from the plot of rate of reaction versus 
inhibitor concentration respectively. 

5 [00125] Recombinant Aldose reductase was purified and characterized as a single 
band (36 kDa) on 10% SDS-PAGE. The purified enzyme exhibited enzyme aldose 
reduction activity. Flouresence quenching of the purified enzyme was observed as 
fluorescence emission band of nucleotide free aldose reductase protein and the 
appearance excitation band upon binding by the NADPH. 

10 

[00126] Lineweaver-Burk plot (Figure 25) of the reciprocals of reaction rate and 
substrate concentration in the absence and in the presence of bezafibrate (0.1 to 100 ^iM) 
displayed a noncompetitive partial inhibition pattern with respect to reduction of 
glyceraldehyde by the recombinant human aldose reductase in the forward direction. The 
1 5 initial rates in the presence of Bezafibrate were analyzed by using equation 1 : 

v = V max /((1+K m /S)*(l+UKi)/(l+I*betaACO) (1) 
where, v = rate of reaction, Vmax = maximum initial velocity for the uninhibited 

reaction, Km = Michaelis constant in the absence of inhibitor, Ki = inhibition constant 

and beta = the rate constant when enzyme substrate complex breaks down to Enzyme and 

20 Product. Fitting the data to eq 1 yielded the apparent noncompetitive inhibition constant 
(Ki = 2.0). The IC50 value of the inhibitor was determined to be 3.8 (Figure 26). 
[00127] Other fibrates, such as gemfibrozil and clofibric acid, have also 
demonstrated inhibitory effect on AR activity. For example, the Ki value of gemfibrozil 
is 2.74 + 0.072 jiM and the IC value thereof is 3 ± 0.2 \iM. The Ki value of clofibric acid 

25 is 1 .04 + 0.047 and the IC value thereof is 1.2 ± 0.1 nM (See Table I) 
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[00128] Example 21 : Other compounds as AR inhibitors. 
[00129] It has been reported that ethyl l-benzyl-34iydroxy-2(5H)-oxopyrrole-4- 
carboxylate (EBPC) inhibits rat aldose reductase (152). In the present application, we 
find that an analog of EBPC, ^-(e-chloropyridin^-ylmethyO^-nitroiminoimidazolidine 
5 (Imidacloprid, See Fig. 27 for its chemical structure), is also an AR inhibitor with Ki 
value of 12.6 \iM and IC value of 1 .5 (aM. In addition, doxorubicin and its analogs are 
found to have inhibitory effect on AR activity. In experiments similar to what is 
described in Example 20, anthracyclines (e.g., doxorubicin) exhibits a partial 
noncompetitive inhibition pattern with respect to the reduction of glyceraldehyde by the 

10 recombinant hAR in the forward direction. The IC50 value of doxorubicin for human 
AR was determined to be 0.2 (See Fig. 28). Other compounds, such as daunorubicin 
(See Fig. 29); idamycin (See Fig. 30); epirubicin (KI value is 77.6, See Fig. 31); sorbinil 
and zopolrestat also show inhibitory effects on AR activity (See Table I). All the 
chemicals used were of the highest purity and are available purchased from Sigma- 

1 5 Aldrich and other commercial suppliers. 

[00132] Researchers have evaluated the inhibitory effect of Cinnamomum cassia 
bark-derived compounds against rat lens aldose reductase (153). It has been found that 
cinnamaldehyde and quercitrin exhibit high potency in inhibiting rat AR while ainnnamyl 
alcohol, trans-cinnamic acid and eugenol exhibit only weak inhibition against rat AR. 

20 In the experiment similar to Example 20, it is found in the present invention that a- 

cyano-4-hydroxycinnamic acid, See Fig. 32 for its chemical structure) exhibits a partial 
noncompetitive inhibition pattern with respect to the reduction of glyceraldehyde by the 
recombinant hAR in the forward direction. The IC50 value of a-cyano-4- 
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hydroxycinnamic acid for human AR was determined to be IC50 = 0.08 + 0.005 /xM (Ki 
= 0.085 + 0.003 /xM) (See Figs 33 & 34). a-cyano-4-hydroxycinnamic acid used is of the 
highest purity and purchased from Sigma- Aldrich and other commercial suppliers. 
[00133] The IC 50 and Ki values of compounds which are inhibitory to AR 
5 activity and are measured in the present invention are summarized in Table I. 



Table I 



Compound 


K,(nM) 


IC 50 (HM) 


Bezafibrate 


2.0 


3.8 


Gemfibrozil 


3.5 ±0.79 


6.5 + .02 


2-4-Chlorophenoxy 

clofibric acid 


1.04 ±0.047 


1.2 ±0.1 


Sorbinil 


0.4 + 0.09 


2.1 ±0.05 


Zopolrestat 


0.04 ±0.002 


0.062 + 0.002 


a-cyano-4- 

hydroxycinnamic acid 


0.085 ±0.0003 


0.08 ±0.005 


Imidcloprid 


12.6 


1.5 


Doxorubicin 


0.24+ 0.02 


0.2 ± 0.03 


Idamycin 


20.5+ 1.5 


5.6 + 0.3 


Epirubicin 


77.6 


5.5 + 0.04 


Daunorubicin 


21.4 ± 7.67 


5± 0.3 



10 



[00134] Example 22: Further Experiments. 

[00135] The above experiments in the present invention provide direct and driving 
rationale for future studies in following directions, a) The role of AR in the reduction 
and detoxification of other DNA-derived aldehydes. The detoxification of these 
1 5 aldehydes may be essential for preventing the formation of covalent DNA adducts and 
DNA-DNA or DNA-protein crosslinks, especially by the reactive dicarbonyls. Given the 
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broad substrate specificity of AR and the structural similarity of these aldehydes to other 
AR substrates, it is likely that a wide range of DNA-derived aldehydes is reduced by AR. 
Hence, this possibility will be tested. Thus a new role of AR may emerge, which may 
provide experimental access to the currently unknown metabolic, cytotoxic, and 
5 mutagenic effects of DNA-derived aldehydes, b) Transport of the reduced and non- 
reduced conjugate may be an important determinant of toxicity and future experiments 
could be designed to identify the specific transporter(s) involved in the extrusion of not 
only the glutathione conjugates, but base propenol as well. Importantly, the elucidation of 
the cellular metabolism will permit further studies on whole organ or animals, c) 

10 Glutathione conjugates are rapidly extruded from the cells. In situ, these conjugates are 
converted into mercapturic acids and then excreted in the urine. If AR is an important 
component, the predominant form of the metabolite in the urine will be the mercapturic 
acid analog of adenine propenol. Quantification of this metabolite will provide a measure 
of on-going DNA damage in the organism. These measurements may also be useful in 

15 non-invasively quantifying DNA damage in humans. Such measurements may be 
particularly relevant in identifying individual sensitivity to environmental or drug- 
induced DNA damage, d) Investigating the in vivo role of AR in detoxifying the base 
propenals, regulating the formation of MiG adduct and modulating BLM toxicity, e) 
When experiments show that AR protects against base propenal and BLM toxicity, the 

20 specific events in the apoptotic or necrotic pathway that are affected by AR will be 
elucidated. This should result in a deeper understanding of the mechanisms by which 
base propenals and BLM cause cell death, f) Test whether the expression of AR affects 
the BLM-sensitivity of specific tumors, whether AR overexpressing tumors are more 
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refractory to BLM. g) The use of compounds identified from analogs to glutathione 
conjugates in detecting of AR or screening of AR activities in samples obtained from 
patients and determining the disease conditions, h) Finally, the lead compounds 
discovered in this study will require complete and thorough clinical trials for their use 
5 against diseases such as cancer. 
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SEQIDNO:l 

Human Aldose Reductase 

Primary Accession Number in SWISS-PROT: PI 5 121 



10 20 30 40 50 60 

I I I I I I 
ASRLLLNNGA KMPILGLGTW KSPPGQVTEA VKVAEDVGYR HIDCAHVYQN 
ENEVGVAIQE 

70 80 90 100 110 120 

I I I I I I 
KLREQWKRE ELFIVSKLWC TYHEKGLVKG ACQKTLSDLK LDYLDLYLIH 
WPTGFKPGKE 

130 140 150 160 170 180 

I I I I I I 
FFPLDESGNV VPSDTNILDT WAAMEELVDE GLVKAIGISN FNHLQVEMIL 
NKPGLKYKPA 

190 200 210 220 230 240 

I I I I I I 
VNQIECHPYL TQEKLIQYCQ SKGIVVTAYS PLGSPDRPWA KPEDPSLLED 
PRKAIAAKH 

250 260 270 280 290 300 

I I I I I I 
NKTTAQVLIR FPMQRNLVVI PKSVTPERIA ENFKVFDFEL SSQDMTTLLS 
YNRNWRVCAL 

310 

LSCTSHKDYP FHEEF 



5 
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